days, and therefore, to develop next generation agriculture products at higher spatial resolution (30 23 m). This paper explores the combined use of Landsat-8 and Sentinel-2A for winter crop mapping 24 and winter wheat assessment at regional scale. For the former, we adapt a previously developed 25 approach for Moderate Resolution Imaging Spectroradiometer (MODIS) at 250 m resolution that 26 allows automatic mapping of winter crops taking into account knowledge on crop calendar and 27 without ground truth data. For the latter, we use a generalized winter wheat yield model that is 28 based on NDVI-peak estimation and MODIS data, and further downscaled to be applicable at 30 m 29 resolution. We show that integration of Landsat-8 and Sentinel-2A has a positive impact both for 30 winter crop mapping and winter wheat yield assessment. In particular, the error of winter wheat 31 yield estimates can be reduced up to 1.8 times comparing to the single satellite usage. Timely and accurate information on crop yields at global, national, and regional scales is 38 extremely important for many applications [1] . At national/regional scale, it can be an input to local 39 authorities to make decisions on food security issues or deciding on subsidies in case of extreme 40 weather conditions such as droughts. At field scale, spatial variability of yields can help to obtain 41 objective information, for example, for farmers to improve management practices and identify yield 42 gaps [2] , or for insurance companies to feed this information into insurance models [3, 4] . 43 Owing to its coverage, temporal and spatial resolution, remote sensing images from space 44 has always been a powerful tool to develop empirical models for predicting and assessing yields at 45 regional and national scales [5, 6, 7, 8 The study is performed for Kirohohradska oblast in Ukraine for 2016 ( November and were used as reference in this study. (Fig. 5) . Finally, the derived GMM model is applied to all cropland pixels, and a 187 posteriori probability (Eq. 1) of the pixel belonging to the winter crop class is estimated in the final 188 resulting map. Pixels with probability larger than 0.5 are considered as winter crops. 
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• precision (P) that shows repeatability of the estimates
223
• uncertainty (U) that is the root mean squared error
225
• relative uncertainty (rU) normalized by an average of reference values: 
Winter crop mapping
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The GMM approach to winter crop mapping was applied to the peak NDVI calculated for 
